Sixteen basic drugs were examined by HPLC (gradient elution in acetonltrtle/phosphate buffer, pH 3.2, containing 0.05% nonylamine) with six different ODS-silica columns. The retention indices (RI) were calculated with alkyl arylketone and 1.nltroalkane scales and were subjected to correction, which enabled comparison of results from commercially different column packing materials. The correction procedure was successful for the l-nltroalkane scale. The scale based on alkyl arylketones was of less use for basic drugs, because some of them eluted earlier than the first reference homologue. This made impossible the proper calculation and correction of RI values for drugs such as cocaine, diphenhydramine, doxepln, and promethazlne. The correction procedure of RI values calculated against the series of l-nitroalkanes Is recommended as a method of standardization of HPLC data.
Introduction
High-pressure liquid chromatography (HPLC) is a potentially valuable method for systematic toxicological analysis (STA). This ensues from the possibilities of efficient separation and detection due to, for example, narrow-bore or capillary HPLC, LC-MS coupling, and diode array detection. The combination of several identification parameters in one analytical run may lower the number of compounds in question and make HPLC the ideal method for STA.
From the very beginning, however, an essential drawback of the application of HPLC to STA was recognized: The results obtained in one laboratory were not transferable to another because of the differences in the selectivity of nominally identical but commercially different column packing material (1, 2) . Therefore, it was not possible to develop an internationally comparable HPLC data base of toxicologically relevant compounds, as had been done for thin-layer and gas chromatography (3) (4) (5) . The use of retention indices (RI) for HPLC (6,7) did not improve the comparability of results to an acceptable level. RI values for drugs obtained with commerically available ODS-silica phases showed such a variability that any reliable interlaboratory comparison was virtually impossible (8, 9) .
Two approaches that make possible the interlaboratory comparison of HPLC data have recently been proposed: The first is a strict uniformization of the column packing material (the use of the product with the same batch number) and subsequent correction of the capacity factors by using chosen drugs as standards (10, 11) ; the second is a correction of RI values when different commercial brands of the ODS-silica materials are used (12) .
In all previous studies on the standardization of HPLC data, retention index systems based on alkan-2-ones (6, 8) or alkyl arylketones (7, 9, 10, (12) (13) (14) were used. Both systems, however, have some drawbacks. The alkan-2-ones have weak UV-absorptivities, whereas the first reference substance in the alkyl arylketone scale--acetophenone, a C6 compound--is eluted comparatively late. Therefore, a system of retention index scaling based on l-nitroalkanes was recently introduced (15) . The system enables reliable calculation of RI values for the early eluting compounds.
In previous studies we successfully applied the correction of RI values for HPLC identification of barbiturates and other acidic and neutral drugs (12, 16) . The purpose of the present study is to apply the correction of RI values to the identification of selected basic drugs on different ODS-silica columns. In this study two retention index systems are compared with respect to efficiency: the system based on alkyl arylketones and the system based on l-nitroalkanes.
Materials and Methods
The drugs used for this study, listed in Table I , cover several pharmacological and chemical classes. They were diluted with acetonitrile/water (1:1) to concentrations of 0.2-1 mg/mL. The series of alkyl arylketones included acetophenone, propiophenone, butyrophenone, valerophenone, hexanophenone, and heptanophenone (obtained from Fluka AG). These were diluted with acetonitrile/water (1:1) to the concentrations of 0.02-0.1 mg/mL. The l-nitroalkanes (obtained from Fluka AG) were diluted with acetonitrile/water (1:1) to the following concentrations: nitromethane 0.05 mg/mL; nitroethane, 1-nitropropane, and l-nitrobutane, 0.1 mg/mL; l-nitropentane and l-nitrohexane, 0.2 mg/mL. The A: value at 220 nm is about 250 for all compounds. The spectral properties of l-nitroalkanes have been described previously (15) .
As a mobile phase, a mixture of acetonitrile and 0.001M phosphate buffer containing 0.05~ nonylamine was used. The buffer was prepared by dissolving 0.1376 g of potassium dihydrogen phosphate in 1 L of water and adjusting to pH 3.2 with 1 o70 phosphoric acid. The chromatographic conditions are shown in Table II . Six HPLC columns, described in Table Ill , were used for the study. They represent two commercial brands of ODS-silica material and three different batches of each brand. In the previous investigations, which comprised 15 different ODS-silica phases, the applied standardization method (corrected retention indices) enabled a reliable comparison of results despite large differences in the selectivities of packing materials (12, 16) . Therefore, because of the obvious usefulness of the correction procedure, the number of the columns was limited in the present study.
The RI values for examined drugs were calculated from the k' values against the series of alkyl arylketones and l-nitroalkanes. The dead time was measured from the moment of injection to the disturbance of the baseline appearing after the injection of 10/~L methanol. The use of sodium nitrate as a dead-time marker, as was done in the previous studies (7, (9) (10) (11) (12) (13) (14) , was abandoned after preliminary experiments, which are described below. The RI values, calculated in parallel against the series of alkyl arylketones and 1-nitroalkanes, were subjected to correction by the method described previously (12) ; three substances, which were located in the low, middle, and upper RI range, were used as correction standards. The RI values were corrected according to the equations
where RI? and RI~ ~ are the reference values, and RI, and RI2 are the observed values for correction standards. The RI values for particular substances, subjected to correction, should be located between the RI values of two standards. Column 3 (Lichrocart no. 629762) was chosen arbitrarily as a reference column. The same column was used as a reference in the previous study on acidic and neutral drugs (15) . Cocaine, desipramine, and triflupromazine were chosen as correction standards for the l-nitroalkane scale, whereas desipramine, perphenazine, and triflupromazine were used as correction standards for the alkyl arylketone scale. The efficiency of both RI systems--in the uncorrected and corrected versions--was checked with the "Discrimination Number" (DN). The DN concept was introduced to HPLC by Gill et al. (10) and was also used in our previous investigations on acidic and neutral drugs (15) . The DN is calculated according to the formula ARI
DN-eq 4 2SD
where ,5R1 is a difference between the highest and lowest RI value and 2SD is a retention window two mean standard deviations wide. The DN value gives a guide to how many compounds may be differentiated in the system when their distribution is even.
Results and Discussion

Determination of dead tlme
In the preliminary experiments the solution of sodium nitrate (100 mg/mL water) was used as a dead time marker. It was observed, however, that the peak of sodium nitrate appeared considerably late. The additional experiments showed that the sodium nitrite peak appeared earlier than the sodium nitrate peak (k' values 3.1 and 5.7, respectively). Both peaks appeared distinctly later than the baseline disturbance caused by the injection of methanol ( Figure 1 ). This phenomenon was observed only in the phase containing nonylamine. It seems that this mobile phase modifier reacts with nitrate and nitrite ions, causing their retention and separation. The retention behavior of the 1-nitroalkanes was not dependent on the presence of nonylamine in the mobile phase. As a result of these observations the dead time was measured by injecting 10/~L of methanol. Table IV and Figure 2 show the uncorrected RI values calculated in the alkyl arylketone scale. The scatter of R1 values is remarkable, and the standard deviations are in the same order as the values observed for acidic and neutral drugs (16) . A comparison between the Superspher 100 (Merck) and Chromspher (Chrompack) packing materials indicates that the differences in uncorrected RI values between the different charges of the same packing material are smaller in the case of the Chrompack columns. The RI value for cocaine was impossible to calculate because of its short retention time. The RI values for diphenhydramine, doxepin, and promethazine were calculated by extrapolation. All these drugs were also eluted earlier than the first reference compound (Figure 3) . Figure 2 present the corrected RI values in the same scale. Two observations can be made: First, the intercolumn variability of RI values for drugs eluted within the range of the scale (i.e., RI higher than 750) is distinctly decreased. Second, in the case of early-eluting drugs the correction procedure was not effective. The correction procedure improved the accuracy of the results (i.e, the comparability with the reference column) only in the cases of columns 2 and 6 ( Table  VI) . The discrimination number after correction approximately doubled.
Results of correction with alkyl arylketone scale
Results of correction with the 1-nitroalkane scale
The uncorrected RI values of drugs in this scale also show remarkable differences between the particular columns (Table VII, Figure 4 ). The differences in RI values between batches of the same brand of ODS-silica were smaller for the Chrom- o.y""%",., ]"' .,. "",,.j./" ./""P ~ ", d" 600 ', ',, / ',,', ... pack columns than for the Merck columns. The retention times of all examined drugs were within the retention range of the reference substances ( Figure 3 ). After correction all substances showed a remarkable decrease in the intercolumn variablity of RI values (Table VIII , Figure 4 ). The accuracy of results improved after correction (Table VI) , and the DN value increased approximately three times. 
Conclusions
1. The retention index scale based on 1-nitroalkanes is superior to the system based on alkyl arylketones for the standardization of basic drugs.
2. The applied procedure of standardization--corrected RI values calculated from the l-nitroalkane scale--allows the use and exchange of data obtained with different ODS-silica packing material. 
